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Research on Prediction Model of High—Speed Milling Force Based on GWO-
ELM

WU Jingyue YIN Ningxia LYU Liangliang MAT Qingqun
(College of Mechanical and Power Engineering, Guangdong Ocean University, Zhanjiang 524088)

Abstract  Aiming at the problem of high—speed milling force prediction of aerospace materials such as TC4
titanium alloy, 7574 aluminum alloy, AISI304 stainless steel, and 45" steel in the process of high—speed milling,
this paper introduced the grey wolf algorithm (GWO) to improve the extreme learning machine (ELM) model to build
the high—speed milling force prediction model, the second—order multiple regression model was used to analyze and
determine the number of hidden layer nodes, the prediction results were compared with seven prediction models and
experimental results, such as BP, RBF, ELM, etc. The research results show that the number of hidden layer nodes
of the high—speed milling force prediction model based on GWO-ELM can be determined by the second-order
multiple regression model, the accuracy of the prediction model is 98. 8%, and the determination coefficient of
0. 988 71 is better than other prediction models. Therefore, the high—speed milling force prediction model based on
GWO-ELM is feasible and accurate. The research results of this paper provide a reference for the determination of
the number of hidden layer nodes of the GWO-ELM model and the selection of the high—speed milling force
prediction model.

Key words Aerospace materials, High—speed milling force,, Grey wolf algorithm (GWO) , Extreme learning
machine (ELM)
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Tab.1 Experimental factors and levels of high—speed

milling force

TH#E dmm 7 n/(rimin)  f/(mm/z) a /mm a/mm
5000 0.04 0.1
45#4 8 000 0.12 0.2
11 000 0.2 0.3
8 000 0.08 1 2
AISI304 10 000 0.10 2 3.5
A 12 4 12 000 0.12 3 5
5000 0.04 0.1
7574 8 000 0.12 0.2
PPN : .
e 11000 02 03
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3.3Z% - 0.00 000 2n*> — 599f* — 45.52ap2 -
1.60a,” = 0.001 13H*n + 16.2H f + 4.86H a, +
0.39H:a, — 2.2d*z = 1.71d*a, + 0.012 7n"f +
0.01555n-a, + 0.002 4n-a, + 639-a, +

33.6/*a, + 27.4a,a, (14)
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Tab.2 Experimental data of high—speed milling force

G T /1B d/mm z n/(x+min") flmm-z") a,/mm a/mm F N
1 157.7 10 4 8000 02 02 5 67.58
2 157.7 10 4 5000 0.04 02 35 34.94
3 157.7 10 4 11 000 02 02 35 60.43
4 157.7 10 4 8 000 0.12 0.1 2 26.24
5 157.7 8 3 8 000 0.12 0.2 35 48.43
114 180 12 4 12 000 0.12 3 35 530.21
115 180 10 4 8 000 0.1 2 35 342.85
116 180 10 4 12 000 0.08 3 35 503.25
117 180 10 4 10 000 0.1 2 35 398.50
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Tab.4 Evaluation index of each model
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Tab.5 Experimental value of High—Speed Milling

T4 7Y RMSE R? 3 o
GWO-ELM 0.012 0.988 71 0.017 32
GA-ELM 0.012 0.958 96 0.029 07
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Fig. 7 Model prediction results and experimental results
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